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The Astrup microequipment for the determination of blood pH is in routine use in the author's laboratory. The object of this paper is to describe particular aspects of the use of this equipment in a routine laboratory and also to briefly describe some of the clinical applications of the equipment.
The Astrup microequipment used is that described by Astrup and his co-workers (1960) . In the author's laboratory it has been found convenient to collect the blood into three heparinised capillaries each containing about 0·03 ml. of blood. The pH is determined using one specimen, the second specimen is equilibrated at a PC02 tension of approximately 28 mm. Hg. and the pH then determined and then the third equilibrated at a PC02 of approximately 56 mm. Hg. before determination of pH. The value chosen to represent the non-respiratory factor has been the standard bicarbonate-thus in routine reports from the author's laboratory, pH, PC02 and standard bicarbonate are recorded. The precision of the techniques is shown in Table 1 . In the majority of patients, results obtained using finger-prick capillary blood satisfactorily correlate with those obtained by arterial puncture. In collecting three capillaries of blood we have shown that the first tube has a mean PC02 value 2 mm. too high although the standard bicarbonate is satisfactory. The first two capillaries collected we use for equilibration and the third for actual pH determination. In our experience warming the hand does not have any significant effect on the pH of the blood. Capillary blood from patients with peripheral failure does not accurately reflect the standard bicarbonate of arterial blood and arterial puncture is essential for accurate results.
The storage of blood after collection is important if analysis is delayed. The mean fall in pH is 0·047 pH units/hour at 38"C, 0·015 pH units/hour at 20"C and 0·002 pH units/hour at 4"C.
The author has been unable to show a pattern of diurnal variation in either patients or normal subjects. Sudden exercise does lower blood pH. A normal range in Copenhagen and Birmingham is shown in Table 2 . In the previous paper Dr. Siggaard Andersen has stated that the normal range in Copenhagen has been altered, but our results are still somewhat higher than those found in Denmark.
The comparison of blood pH results in several laboratories is shown in Table 3 . A specimen of arterial blood was divided and both specimens were stored in syringes in ice water, one was kept in the author's laboratory and read at intervals whilst the other specimen was taken to various centres using the Astrup microequipment and read by one operator. The bloods were kept at O°C and one buffer solution was used for all readings, the readings were all made within two hours.
All instruments gave satisfactory comparisons with the exception of No. 2 which gave a low result and this was confirmed on another occasion. When a new electrode was put into this machine it gave identical readings with the apparatus in the author's laboratory. Before an electrode is put into routine use and occasionally during its use, it is checked by determining the blood pH of several normal subjects. We have found in checking several electrodes in this way that, in our hands, they give pH values for normal subjects within the range of 7·38-7 -45.
When pH determinations are to be made during hypothermia, there are difficulties in making the determination of pH, PC02 and standard bicarbonate and then calculating the pH at the lower temperature using the Rosenthall factor (1948). This factor is not the same for all bloods and was calculated originally down to 25°C, whereas many patients are cooled to 15°C. We routinely take the machine to the theatre and cool it to the temperature of the patient before making determinations.
The use of pH, Pc o 2 and standard bicarbonate determined quickly and accurately by the Astrup microequipment has proved of considerable value in the treatment of acute respiratory diseases. The effects of tracheotomy and assisted respiration can be monitored and controlled.
Before these determinations were put into routine use, it was thought probable that they would have little to contribute to the treatment of metabolic disease or the treatment of patients with electrolyte disturbances. Experience has shown that these estimations are of considerable help in our understanding and treatment of patients with non-respiratory disturbances in acid: base metabolism.
Estimations of acid-base equilibrium in clinical practice are made using the HendersonHasselbach approximation equation for buffer solutions.
[BASE] pH = pK'+log--
[ACID] The quantitatively predominant buffer in the plasma and interstitial fluid space (E.C.F.) is the bicarbonate-carbonic acid system. It is therefore possible to write the equation [NaHC0 3 ] pH = 6·I+log ----[H 2 C0 3 ] The lungs remove carbon dioxide from the body and the tension of the gas in the alveoli is maintained in health in the region of 40 mm. Hg. by control of alveolar ventilation. The kidneys excrete hydrogen ions, the anions of fixed acids and ammonium and other salts and reabsorb or excrete bicarbonate ions according to the body's requirements.
For explanatory purposes, the equation IS sometimes written kidneys pH = pK'+log ---lungs It can be seen from the equation that a rise in the CO 2 content of the plasma, due to respiratory failure, is followed by a rise in the bicarbonate ion concentration of plasma when attempts are made to keep the pH within the range of normality (about 7·4 for the adult). This occurs in conditions such as emphysema and bronchopneumonia.
Also it can be seen that if fixed acids are retained in the body leading to a reduction in the bicarbonate ion concentration, then the tension of carbon dioxide in the plasma has to be lowered by excretion of greater quantities of CO 2 by the lungs if the pH is not to be lowered excessively. This type of change occurs in conditions such as acute renal failure.
The type of response in which one buffer
